prophylactic effects of chemicals and immunostimulants on the Tetrahymena infection of guppies (Poecilia reticulata) were studied through experimental infections. Tetrahymena pyriformis was used in an experimental infection on a guppy population pre-treated by the following method; the base of the caudal fin was covered with a 10% acetic acid-soaked cotton strip for 3 min. The study consisted of screening anti-Tetrahymena chemicals, testing prophylactic effects of selected chemicals or immunostimulants, and finally evaluating the combination effects of the chemicals and immunostimulants.
Guppies Poecilia reticulata are perhaps the most popular ornamental fish, recommended as perfect spe cies for beginners with an interest in aquatic hobbies. Over the past few years, however, the Tetrahymena infection, or so-called Tet disease, has become wide spread in home aquaria, pet shops and commercial farming ponds.
Tetrahymena belongs to the phylum Ciliata, of which all the species are involved in facultative parasitism to some extent (Corliss, 1960) . In the fish infected with Tetrahymena, external signs are lethargic swimming, eroded skin and fins, and a swollen gill cover, all reducing the overall commercial value of the fish. Prolonged infection is eventually fatal (Imai et al., 2000) . Although many chemical substances have been introduced against various parasitic diseases as control measures (Tojo and Santamarina, 1998; Madsen et al., 2000) , there has been no successful control of the Tet rahymena infection.
In our previous study , we have reported on the experimental infection of Tetrahy mena pyriformis on guppy populations.
The report revealed that the experimental infection did not succeed Fish Guppies (2.5-3.0 cm in body length) were used in all experiments.
They were purchased from a pet shop in Miyazaki, southern Japan.
For the experimental infections, a formalin bathing at 25 ppm for 24 h was em ployed on the fish to eradicate pathogenic agents. They were then kept in a 150 L tank and supplied with commercial feed twice a day for one week prior to the experiments. In all experiments, 10 fish were allocated for each test. Twelve tested chemicals were chosen from the viewpoint of anti-parasitic action from several reports (Schaperclaus et al., 1992; Lipton, 1993; Novotny et al., 1996) . They were categorized into dyes (acriflavine, methelene blue and malachite green), antibiotics (metronidasole, chloramphenicol and oxytetracycline), helminthicides (praziquantel), protistocides (quinine sul fate), disinfectants (ammonium hydroxide, formalin and hydrogen peroxide) and salts (sodium chloride). One hundred mL water containing free-living Tetrahymena cells was prepared in flasks with densities of 640 cells/ mL in Trial 1 and 880 cells/mL in Trial 2. Each of the chemicals was added to the Tetrahymena suspension in three concentrations.
Two mL of the test water from each flask was sampled at 0, 1, 3, 24 h, and the num bers of living Tetrahymena cells were counted.
Experiment II.
Effects of selected chemicals in experi mental infections with Tetrahymena Sodium chloride and hydrogen peroxide were selected based on the results from Experiment I as men tioned later. Fish were exposed to Tetrahymena sus pensions supplemented with various concentrations of chemicals as shown in Fig. 3 . The control test was pre pared without any chemical additives. After the experi mental infection, the infection rate was recorded in each of the tests and two living fish or newly dead fish were taken as samples from each test in order to investigate the side effects of the chemicals. They were fixed in Bouin's fluid and subjected to light microscopic observa tions with a routine paraffin section technique using hematoxylin-eosin stain. When the experiment fin ished, feeds were supplied to the test fish in order to see their appetite. This experiment was duplicated. Experiment II. Effects of selected chemicals in experimental infections with Tetrahymena Sodium chloride and hydrogen peroxide showed prophylactic effects in experimental infections with Tetrahymena (Fig. 3) . Although 400 ppm hydrogen peroxide solution reduced the infection rate to its lowest point, it killed all the fish before the test was terminated.
A histopathological survey revealed that 400 ppm hydrogen peroxide solution caused serious hemolysis in blood cells and necrosis in the gills and skin (Fig. 6 ). Both 0.5% sodium chloride and 200 ppm hydrogen peroxide solution created slight hyperplastic changes in the gill and skin, but did not repress fish appetite under our observation. 
Experiment III. Prophylactic effects of immunostimulants in experimental infections with Tetrahymena
In the experimental infection using Tetrahymena, two immunostimulants, glucan and C-UPIII, drastically decreased the overall infection rate (Fig. 4) . In the his tological analysis, inflammatory responses were quite apparent in the wounded lesions of tested fish (Fig.  7) . However, the inflammatory responses were scarce in the control fish (Fig. 8) . Experiment IV. Combination of chemoprophylaxis and immunoprophylaxis for the successful control against experimental Tetrahymena infections Effects of C-UPIII feeding in a combination with 0.5% sodium chloride or 200 ppm hydrogen peroxide were examined experimentally. The combination of the 0.5% sodium chloride bath with the C-UPIII feeding attained complete control of experimental Tetrahymena infection (Fig. 5) and other organisms should be avoided in practical use.
Both of the chemicals showed prominent prophylactic effects in the experimental infection with Tetrahymena.
However, it appears that complete control using chemi cal agents is followed by serious side effects on the fish, judging from the high mortality and histological damages on the tested fish exposed to 400 ppm hydrogen perox ide solution. Immunoprophylaxis was also examined in Experiment III, according to the suggestion in our previ ous report . Glucan and C -UPIII employed in this study have been known to improve the non-specific immune system in fish (Chansue et al., 2000) . In the experimental infections with Tetrahymena, very low infection rates were induced by both the immunostimulants. Our previous study recorded that inflammatory responses were scarce in natural and experimental Tet rahymena infections. This was true in the instance of the control fish in this experiment, whereas the inflam matory responses stood out in the tested fish with the immunostimulant feeding. Thus, the drastic prophylac tic effects appear to be established by immunostimulants through an improved immune system. Nevertheless, this immunological method did not bring complete pro phylaxis.
The single use of anti-Tetrahymena chemicals and immunostimulants did not attain the successful control of experimental Tetrahymena infection in Experiments II and III. However, a combination of a chemical bath with an immunostimulant feeding seemed to be worth trying in Experiment IV, allowing for a few side effects.
Both 0.5% sodium chloride and 200 ppm hydrogen peroxide solution were chosen as the test chemicals, because Experiment II revealed their excellent prophylactic effects without serious side effects. C-UPIII has been known to be more effective as a stimulant than glucan (Chansue et al., 2000) . Therefore, the combinations of 0.5% sodium chloride or 200 ppm hydrogen peroxide bath with C-UPIII feedings were thought to be a good combination.
As a result, the combination of 0.5% sodium chloride bath with C-UPIII feedings was the best treatment for the complete control of experimental infection with Tetrahymena.
In this combination treatment, further studies should be needed for practical use in naturally infected guppies with Tetrahymena. Fig. 6 . Skin of fish exposed to 400 ppm hydrogen peroxide for 1 day after experimental infection in experiment II. Necrosis is observed in the skin (arrow). H&E stain. Fig. 7 . Skin of C-UPIII-fed fish after the experimental infection in experiment III. The epidermis was exfoliated and necrotized. Inflammatory cell infiltration (arrow) with edema is observed in the injury site. H&E stain. Fig. 8 . Skin of control fish exposed to a Tetrahymena suspension in the experimental infection. Necrosis without inflammatory cells infiltration is observed. H&E stain.
